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のでは、 Fig.1.1に示す加圧流動床燃焼複合発電PFBC(Pressurized Fluidized Bed 
Combustion)、PFBCの発展型と位置づけられるトッピングサイクル、石炭をガス化
する石炭ガス化複合発電IGCC(IntegratedCoa1 Gasification Combined Cycle)、さらに
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););) : 1 R川 as1*州耐(川(日(ふ i 二μ税)~)~)川仁0ω伽ωIc凶凶cωωa剖川I
(川(日(→~:悩k )川)リ). ' ~隣ω (~(~(令 i L l )) i l rC(令 ! ， 
Outlet dust i 20mg/m3 i 25mg/m3 110mg/m3 
Temperature 11400--1500oC 11400-1500oC 11400--1500
oC 
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Fig. 1.6 Schematic of screenless moving 





Fig. 1.7 Concept of stand leg granular 
bed filter by Westinghouse 
排ガスは粒子と並行して流れ、充填材の移動を妨げないように工夫している。
Weberら19)は充填層が↑貫性集塵器の性能を仁回る可能性を持つことに清口し、溶






























ζ戸~Dirty Gas IN 
Fiber 8ed 
Clean Gas Out 
~ 
Fig. 1.8 Concept of nested fiber filter 
慣性衝突が支配的で、流動層内では低迷のため拡散、衝突、さえぎり、重)J沈降、
静電気力などすべてのメカニズムが働くとされる。























Fig. 1.10 Schematics of turbulent 


















































































































Ceramic fibre seals 
には、
Fig. 1.15 Standing candle filters designed 
by Deutsche Babcock 
15 
Ash discharge 
Fig. 1.14 Tier structure of candle filters 
designed by Westinghouse 
Fig. 1.12 Schematics of Grimethorpe filter test 
facility 
14 
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Fig.卜17 Schematic of Westinghouse 
cross f10w filter 
1.4.2フィルタの材料














化、 アルカ リアタックによる焼結助剤の流出によ ってフィ ルタ強度が低下すること50
























































J f)J tL1失との関係を定量的に述べる。 またガス化炉チャ一同収系に要求される性
能についてフィルタのf(力損失との関係から論じる。
第3章 逆j先 ?HL迷を指標として、フィルタの逆洗 l任後の JJ~ J)損失であるベー スライ














Table 1.3 Experience and future plans: Hot gas particulate removal in coal gasification 
systems 
~.~~~~~.~~.~~~~~~f~.~~~~~ ............................. 1 . ~~.~.~~.~~ .!~.1!IP.~ ... ...l X~!~.~.~... . ... . ...... . . . .. . .......... l . ~~~~.~ 
VTI 2tJdJ Otaniemi， FinlandJ 62，83， 103 i 0.5 MPa， 650 oC， i 5 elements(ceramics or i coal， peat. 
i 4000C(metal i metal)， Schumacher、 :wood> 1 OOOh 
!日Iter) : Didicr， Pall 
Enviropower， 40t/d (10 MW) U-Gas pilot i 2.9 MPa， 650 oC i 24 Schumacher i slarl up late 1991 
plantJ Tampere， Finlandl 62 i candles 
Slipstrcam testing on Rheinbraun 700t/d 1.0 MPa， 350 oC i 9 Schumacher candles i >500h 
HTW unitJ Bcrrenrath， Hurth， Germanyl 
62、105
Rheinbraun 150t/d HTWI Wesseling， i 2.5 MPa， 400 oC i 90 Schumacher i >5000h 
Germanyl 62， 10月 i i candles i closed 
Full stream dedusting at Rheinbraun i 0.9-1.0 MPa， i 578-456 Dia- i startup 93， >8000h 
700t/d HTW unit， 57000m¥，p/hl : 260-270 oC : Schumalith F40， LLB : til95 June 
Berrcnrath j !?り~~~ . 9~~!!1~~)'!. り， 95 ， 105j -j type2tiers 
Full stream dcdusting at Prenflo 25tJd i 2.5 MPa， 330 oC i 36 Schumacher i early 1992 start up 
pilot plantl Furstenhausen， Germanyl 62 i ceramic candles 
Tech. Univ. Freibergl Germanyl 104 1.0，2.7MPa i Dia-Schumalith i 1995 
: 150-260oC 
KoBra 300 MWt， RWE Energie， i 2.7 MPa， i multi-cyclone + i 1996 start 
Rheinbraun， Lurgil Hurth， Gcrmanyl 62， i 320-350 oC i Ceramic barrier filerl i up(postponed) 
~.~. __ . . __ ...................__..._..........__..__.___._.._____._._.__ L ____ . __ ______. . .._. __ _ .. _.. ___. l _ !:-:~.~ _ ~~~.i_~~ ..... .........-..-.. 1 
Buggenum， 250MWe IGCC， Shell & i 260 oC ~ ceramic candles ~ 3rd-quartcr， 199ヌ
Demkolccl Buggenum， The Netherlandsl i i sta口up
2， 62 : 
British Coal 24tJd spouted bed pilot plant/ i 1.8 MPa， i ccramic candles i >1000 h (-93) 
Stokc Orchard， EnglandJ 62 ~ 400-590 oC 
Endesa 329+700 MW， Dcutsche Babcock i <300oC i LLB filter design i undcr construction 
& Krupp Koppersl Puertollano， Spainl 81 i ~ in 1997 
Shell's 250t/dJ Deer Park， TX， USA/ 62 i 2.5 MPa. 260 oC i 44 Schumacher， 44 ~ 5000 h， 
: IFP : c10scd 1991 
Weslinghouse ash recirculationl 1.0 MPa， 650 oC ~ 2 Wcstinghouse cross-i 2000 h (N2，550 
Pittsburgh， PA， USA/ 100 i ~ flow i m 1/h) 
KRW 20t/d pilot plantJ Waltz Mill， PA， i 1.6 MPa， 16 sintercd metal i 1300h 
USA/ 62 : 430-620 oC 日Ilers，:n Schumacher 
: candles 
Texaco 20t/d pilot plant/ Montebello， CA， i 2.5 MPa， i 4 Westinghousc cross-i >900h (-92) 
USAI 62 : 650-760 oC : flow filtcrs， 19 
: Schumacher candles 
Foster Wheeler 7t/d carbonizerl 1.4 MPa， i 10Wcstinghouse 171 h (-93) 
Livingslon， NJ， USAl62 ! 593-793 oC ! ccramic cross-flow 
: filters 
Destec's 160 MWt GCC plant/ ! -300 oC ! barrier filters i inoperationl 
.. ~_I.?q~.~~!~~ ? ~.今.-，__ !:J.号付96 ， 106 ーー
21 
Wabash river 262 MWc lGCC repowering : <370 oC : cyclone/ Schumacher : design complete 
Project， PSl/Destec， West Terre Haute/ : : candles 12/93 
y_i_~_?__ç_?_~_~_~X~.~.~.，..~.~:Y.~?!_.~. ! ._._..___ . _ _ _ -. . . - - -.1- ------------- - ----- - --------... ; ---.....--.................-..- -. - - ...... l . j -~--?P~~~~~~-~.-?!?? 
Tampa Electric 250MWじGCCplant， : : cyclone， S-rem MGBF : construction 1/94， 
TECO's， GE & Tcxaco/ Lakeland， Polk : : (zinc titanate) : inoperation 3/96 
Country， FL， USN 70 
ABB 65 MWc (600 t/d)/ Springfield， : 5400C : cyclone + baghouse， S-: construction end 
Sangamon Country， lL， USN 73 i : rem MGBF (zinc : >95 
: titanate) 
l/l 0 slipstream of Polk county 250MWc : 480-540 oC : Pall : under construction 
gasificationl Polk county， FL， USN 106 
ELCOGAS PrenOo 300MWJ Puertollano， : : Candle : startup 1995 
Spainl89 : 
Pinon Pine 80 MWc IGCC， 120000m ~N/h ， : 1.9MPa， 540 oC : cyclone+Westinghousc: startup 1996 
Sicrra Pacific Power， Fostcr Whceler & : filtcr， 748 candles， 4 
M_W.Kelloggi Reno，Storey c.， NV， USN : : c1usters， 4 tiers， 16 
72， 81， 109 :plenums， S-rem. using 
: metal oxide 
Toms Crcck 190 MWc (55 IGCC， 135 PC)， : 5400C : cyclone+Schumacher i design completc 
U-gas， TAMCO (lGT)/ Cocburn， Wise : (980-1040 OC) i candles， S-rem. FB : 6/95 
ç~~_~_tx-'._'!__~.'__~.~:Y_ ~. ~ ......__噂 -e- j . j zinc li13mIC 
Wilsonvillc (Foster Whecler/Southern 1.21 MPa : Wcstinghouse， IFP， : -95 
Comp. Serviccs+DOE) APFBC 7 MW : 927 oC : CPC-MGBF 
(65 t/o) (Carbonizer/CPFBC)/ : 871 OC(carbo.) 
Wi1sonville， A1abama， USN 78 
Univ. North Dakota EERC PCFBG， : 0.83-0.86MPa， : 19candles (7 IFP， 6 : 1996 




h gasificationl : 250-3000C : Schumacher candles : Bcing 
Australia/ 106 :commissioned 
Ubari 5t/d & 40t/d FBG， 450m ~N/h/ Ubari， : 300-4300C， : KHI MGBF， Asahi : 1979-90 
Hokkaido， Japanl 87， 98 : 2MPa : CT下
CRIEPI & MHI 2t/d PDU/ Yokosuka， : 1.7 MPa， 400 oC : 4-8 ceramic tubes : recycle gas 
Japanl76 : : (NGK) : c1eaning 
: 1985-1989 
NEDO & IGC Association 200t/d (12.5 : 2.5 MPa， 420 oC : MGBF (2 layers， 900) i started 1991/92 
MWe) entraincd bed pilot plant/ Nakoso， : (mullite) 
.1_~_~_~_i..Ç_i.~X:.!_~p._~_r:!. .?~ .....__.___.____ . _____.-----..------ 1--..--. .----- - ---.--- -- --.---.- -[ 
IGC Association & MHI 20t/d pilot plant : 2_5 MPa， 420 oC : NGK long candle : started 1992/93， 
(Slipstream test on 200t/d pilot)/ Nakoso， : : filters : second tcst in July 
.1_~_~_~_i__Ç_i_~X: _~_~P..~_r:!__?~: _ ~?_ ____.__ _ _ _ _ . __ . _._--......... 1- ----- . ----- - ---- - ------ - -- -.-- - [ --- - -------- - ---------- - --.----.--- . -..-. l - ~-?-? 
IGC Association & KHI 4t/d pilot plant : 2.5 MPa， 420 oC : MGBF-reactor : started 1992/93 
(Slipstream test on 200t/d pilot)/ Nakoso， : : (Fe104，H2S-rem) 
1.~.~_~_i__Ç_i_~X :_~_~p._~.'!! _?~:.~~!. .?_?__.._._.__ . _._._ ....... .1 
Chubu Electric Power Company， CRIEPI : 4200C， 1.9MPa : NGK SiC candles : 1997-98 
& MHI， 2t/d heavy oil gasificationl 
ーー烹件osuk月!}空P21HIm-ー
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KHI 7t/d Coal partial combustion/ : 630 oC， O.4MIコajCeramicbarfiEf--百ltcr 一 ..1. 19.9j~ï995......-.
Akashi， Japanl 97 
EPDC & KHI 25t/d Coal partial . ......T i.TMP~....-...-..-..-.T Ce~ämi己b-4t「iEf--dii三i ・ 砂97-一一一-
combustion/ 97 : : 
APFBC: Advance Pressurized FI山dizedBed Combustion， CPFBC: Circulating Fluidized Bed Combustion， 
CRIEPI: Central Research Institutc of Electric Power Industry， EERC: Encrgy & Environmental Reserach Center， 
EPDC: Electric Power Development Company， IFP: Industrial Filter & Pump Mfg. Co.， IGT: Institute of Gas 
Te氾hnology，KHI: Kawasak.i Heavy Industries， Ltd.， LLB: Lurgi LenりesBabcock Energietechnik GmbH， MGBF: 
Moving Granular Bcd Filter， MHI: Mitsubishi Hcavy Industries， Ltd.， NGK: NGK Insulators， Ltd.， PDU: Process 
development unit， S-rem: Sulfur removal， WぶOutputelectricity， W1h: Input thermal energy 
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Table 1.4 Experience and future plans: Hot gas pa口iculateremoval in coal combustion 
systems 
SizelLocation i Press.， i Filter i Notes 
i Temp. 
一瓦hlst而日 やー下Bと&PCF証c'piiot'.pla~t: """'1" i 'jj.'~1"Pa: ."" 1'21 入sahit~'b~ïa~'eiemenis "'[2668 h， 1290 h HP 
1 OMW1w Karhula， Finlandl 63， 81， 88， 90 : 900 oC 128 Coors elements : Coors 300 h (-93) 
j j(CeraMemT); 
OtふーんliP示BとpilotpianCl3OKW1W 11.0 MPa， : 2candles， Didie仁 : FBC coal 260h 
Helsinki U. ofTcch.， Finland/ 84 ¥ 600-750 oC i Schumacher， Foseco i peat 80 h (-93) 
: Cerafil 
一IE瓦;λ亘BC寸b己nPFBど .p.i.ioiï;ïã;t: ..........1.8Ö.6 .õc...........1. 4"8" .Sch~mache~.Ca~dies:. ....[. sp~.i .~.g . i .992
15MW1w Finspang， Swedenl63， 79 5 A竺h1 .!?bp-lqf竺空~~~~~ .....l..
-一Va両…4hλ1，S 
1日35MWじ， 22お5MWd出st汀r.h恥eaωt/Stockholm， ¥ 870 oC i i h (-93) 
Swcdcn/ 63， 79 :白
LLB一両BC 及ーがとやBc 'pii己ipia~i:"" 1 800・8500C，j240ScI111machcr candles， ;PFBC2000h、
15MWlIJ Fricdrichsfeld， Germany/ 41，63 : ;.-950oC i LLB/DBE design (upsidc i PCFBC 500 h (-93) 
: down) 
U . 心dEh-4bM-wj;-耐~Bどsiipsi~.ë~m..&.....r 4()6・6öö..õc: .. 1 . 6..s.ë.h.~~aëhe~.~a~diës..... .....[. IÖ.66o 'h '.A&'O
Hot Air+ Dust/ Aachcn， Gcrmany/ 63，86 ¥ 600-850 oC i Didier (SiC20， Pantcl 20)， i 3000 h PFBC 
1 ... ................L~~~.~.i.~.~ .............. .................l 
l仏両日戸と:.t;ë.~ .fi~.ë. g-ås.d~si .~ei~J.ëcti.ontes.ï . Tsoo OC i 6 ceramic candles : >8000h 
性リ.i.~ y.( .Ç~~i).~~~男~.'. _q界rm切y.(~~:..8.~.... ーーー~.. .-
Delft University ofTechnology， 1.6 1.0 MPa， i MGBF， ccramic filter : 30 h -93 
MW1J De1ft， thc Netherlands/ 31 i 600-850oC 一一一一一一一一.lCqげりそcomh.-94一ー
一語「iii3-h-C62.l-ckhー とã.~.dïë .d~~.åbiljtÿtëst .....T9öOõc.. T6 ccramic candlcs 1500h? 
fa旦I.i.~ y' ~. ~りt flu空 .g~~!.ζh-C.11cp-han-。-ly--1-j -
Grimethorpe PFBC Est.， 20MW1h PFBC 1.0 MPa， 120 Schumacher cand1es : 800h 1987、
pilot plant/ Grimcthorpc， Yorkshire， UK/ ¥ 800-850oC i 1400h 1991 
38， 6~_: ~~.......................................... .... ..1............1 
Endesa 80MWc PFBC， ABB/ Escatron， i 8000C 1/9 slip stream， 336 i extcrnal pressurc 
Spain/ 63，82 i Schumachcr F下20 i vcsscls 
j 門口~!~~.: .~.~.~.~~~~g~ ...........l
U. ofBritish Columbia， slipstream of i 7900C i 14 LayCer SiC cand1es 
CFBC pilot facility/ Vancouver B.C， 
Canada/ 62 : 
Univ. British Columbia， hot gas c1eanup i 5500C i 3 3M Nextcl ceramic bag 
test facility/ Vancouver B.C， C空nadu102;-j 
Calvert Jnc. AFBC pilot p1ant/ San Dicgo， i 9000C j 2 Ticrs of 6 Schumacher j > 700h 1989 
CA， USN 63 i candlcs cach. 
Solar turbine slagging combustor， ! 1000 oC j 1 LayCer SiC candle， j > 125h， 
1 00KW1w San[)iego， cA.' ~~."!..?}一一一一…j一一一一一一一一一一..L~J~i.þ'円引照明!ι一一一一一一一ーし100h?
Solar turbine slagging combustor， 2MW1w i 1000 oC i 14 LayCer SiC candles 
San Diego， CA， USN 63 i 
ーGulfPower Plant Schulz PC power plant， 160 uC : 6"xd5.66" CeraMem CF i fly ash， 1OOh 
~.~~/?'Q!. 月!~p.~!T.~.~.'!lー ./り
24 
Westinghousc CH4 flue/dust i吋ectiontest i 1.0 MPa， i 3 ccramic candles or i > 1 0000 h 
facility， 680kg/h/ Pittsburgh， PA， USN i 9000C i 2 cross-flow elements 
63，100 
Tidd， AEP 1/7 slipstream 80MWc PFBC/ i 1.03 MPa， i 384 Wcstinghousel i 488 h (・92)
Brilliant， Ohio， USN 70，91 : 843 oC : Schumacher 
.1.Ç~~:.~..(~_I.~~!~~~.~_I_I.~~~L ....l 
Four river second generation PFBC， i 870oC(LLB)， i LLB i under consideration 
955MWJ Calvert city， Marshall county， i 7600C(Westi i Westinghouse 
~.'(_ :..l!.~_ly' .}g~....................................... ........1.~_g.~.<?~.~~)ょ
DMEC・1，70MW Ahlstrom PCFBC， i 1.2 MPa， i cyclone+Westinghouse i under considcration 
DesMoines Energy Ctr./ Pleasant Hill， i 8700C i filter 
~.~I.~ . ç~~~~!.':..I.~.:.~~~(_.?1. ... ........................ 1 
McIntosh unit 4， Foster Wheeler PCFB/ I.4MPa， i Westinghouse filter i Combining Four 
Lakeland， FL， USN 110 i 850-870oC : river and DMEC-I， 
: PCFB startup 2000， 
l. ~.<?J?P~~g. ~~~.? 
Appalachian Power Co. 340 MWc (B&W 1.6 MPa， i cyclone i construction 6/99， 
Co.)/ New Haven， Mason County， WV， i 8700C i inoperation 11/02 
USN75 
ー φー ーーー ・ー ーー ーー ・ー・ー ーー・・ t ~. . ・・+ ・・ーー ー・ーーーーーーーーーーーーーーーーー
EPDC 71 MWc PFBC， IHII Wakamatsu， i 1.1 MPa， i Asahi i extcrnal prcssure 
Japanl 71， 92 i 860 oC i i vesscls， inoperation 
EPDC AFBC50MWc power plant， i 600-900 oC 1 Schumacher candle， i Tested many coals 
slipstream / Wakamatsu， Japan i 1 x2 Asahi tubular element i 
Hok.kaido Electric Power Co， MHI 85 i i MHI tubular filter i 1997 
MWc/ Tomato-Atsuma， HokJ叫ido，Japan/ i i NGK honeycomb filters 
68，81 
IHI PFBC pilot plant， 3MW1w Aioi， i 2x3 Asahi tubular i >500 h 1991 
Japanl62 i elements 
Chugoku Electric Power Company， i 2 cyclones i -98/99 
Hitachi-Babcock，4 MW (250 MW)/ 
Osaki， Japanl 66， 93 
Kyushu (IHf) 350 MW/ Karita， Japanl66 i i 2 cyclones i planned 
Pyropower JapanlChubu Electric Power i 875 oC i 3 Asahi-compartments i fcasibility study 
Company 350 MW PCFBC/ Japanl67 
Ebara CFBC 4MW1W Sodegaura， Japanl i LLB license， 3M candle i inoperation 
94 
BWE: Babcock & Wilcox Espanola， CF: Ceramic Filter， IEA: International Energy Agency， IHI: Ishikaw句ima-
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Air suply facility Char lock hopper 
Coal char 
Fig. 2.1 Schematic representation of 2T/D Gasification and hot gas c]ean up process 
条件は673K、2.0MPa、入lI流速として約30m/sを標準としたが、試験毎に異なり、





Table 2.1 Test condition of hot coal gas filtration 
Temperature T [K] 573 -723 
Pressure P [MPa] ] .67 --1.87 
Gas volume f]ow rate Q [m3N/h] 200--400 
Dust concentration C [kg/m3N] 0.001 --0.06 
Face velocity Uf [m/s] 0.005-0.03 
Maximum pressure loss LlPmax [げa] 9.8， 19.6， 29.4 


















Off-linc cleaning systcm 
Fig. 2.3 Schematic of filtration system 





















P = 1.66 MPa 
T = 590 K 
P 0 -=1.86 MPa 
T r= 543 K 





Fig. 2.4 Change of cleaning velocity at 
extemal surface of filter 
Fig. 2.5 Schematics of filter support in 
high temperature and high pressure 
filtration facility 
Table2.2 Specification of tested filters at high temperature and high pressure 
FA-l SiC membrane 
Material Alumina SiC 
Size: Extemal diameter[m] 0.07 0.07 
Intemal diameter [m] 0.04 0.04 
Length [m] 
Film thickness [μm] 100 
Porosity (%) 40 40 
Structure Monolith Membrane on base tube 




























































Fig. 2.7 On-line dust monitoring system ここか
2.2.2コールド実験装置
Fig.2.1のプロセスのセラミックフィルタで揃集したイ{炭チャーをflJし3て、本7hlL、




























































10: 4cm， 00: 7cm， L:15， 20， 25cm 
293K， Atmospheric pressure 
2-40g/m3 
0.5-3cmls 
Coal char， Op5o=8.3μm 






Flow control valve Flow meter 
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Fig. 2.8 Schematic representation of cold 
test apparatus 
Fig. 2.9 Cumulative size distribution of 










Fig. 2.10 Oust concentrations at inlet and 
exit of filter 
Fig. 2.11 Cross section of FA-l after 
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Fig. 2.13 Differential size distribution of coal 
char at various concentrations 
2xld 
Fig. 2.14 (a)， (b)， (c)にはチャー微純子の透過弔電f顕微鏡写f{とその悦肝|付の1G
j三線川折像(SAED)を示す O いずれの同折》真も同心円状のハローが見られ、これ
はカ ーボンブラ ックの典型的なパターンである。(b)ではカーボンブラックの111折












10 20 30 40 50 60 70 80 
t [min] 
Fig. 2.12 Fluctuation of dust concentratlon 




Fig. 2.14 (a) TEM and SAED photograph of fine char particles 
44 
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Fig. 2.15 Change of pressure loss in filter 






























力損失は~I=J(縮性流れで、 は Eq.(2.3) 、 455 j品流れでは Eq.(2.4)のように表される 。 ただ
し式巾の記号はそれぞれ:1p.r: フィルタ単体の圧)J損失、 ε: フィルタの'ノ日 I~a ユ字、 μ: ガ
ス粘度、 ρ:ガス密度、町:permeability、rO，n:フィルタの内、タト半径、 ur:フィルタ外面











μ1 -e ~2 ~ 2 



















μv wr oln (r / r 0) 
K f 
μU.r 1 ln (r / r 0) 
(で)三
k f 
d. Pf = 
Sy [crn2 /Crn勺
















































































Fig. 2.16 Rate of pressure loss increase in dust 
cake 
50 30 40 
[g/rnい





















の流速が1-2cm/sといった低速であっても圧'必が進むことが分かる。従ってJI ~ jJ 
損失の i二昇には集底流速の設定が大きな影響を持ち、その違いによ って ダスト国
の堆積構造が異なると考えられる。そこでEq.(2.6)のように、圧力損失の J-_井速度




d J!jP μ 
一一一/( _!:__ C nU ;'V) 
dt pp u J 
ここで比衣而積は、ね fを球と仮定して、粒律分布凶の粒符を幾つかのIベ問に分

























DPi+1 の I~J司不IJ 、ドよ句作をJl 1 しミる必要があるが、対数、1;:均で近似した。
[cmlsl Uf rcmls] Uf 
=fキ州拘Fig. 2.


































Fig. 2.19 Effect of face velocity on pressure loss 
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Fig. 2.23 Calculated porosity of dust cake 
from Eq.(2.5) 
????
Fig. 2.22 Differential distribution of specific 
surface area as a function of particle 
diameter 
?? ?
Fig. 2.21 Relationship between average 
p出1iclediameter and specific surface area 
DP50 
Fig. 2.20 Effect of specific surface area on 






















Fig. 2.24 Relationship between 

















































さくなる 。 この版|刈はダスト層の'ノ~I~~tギが増加するためとィラえられる 。
4)チヤー[fl]収系にサイクロンを用いる場合、ダスト濃度の低下が比表面積の附加と







: Dust concentration at normal condition 
: Dust concentration at actual condition 
Cout : Dust concentration at filter exit 
Dpso : Mass median diameter 
f(Dp) : Differential size distribution function 
L : Filter length 
M : Mass concentration of dust 
P : Coal gas pressure 
Po， p， : Gas pressure at intemal and extemal surface of filter 
Q : Volume f10w rate of coal gas 
ro， n : Intemal and extemal radii of filter tube 
SI' : Specific surface area of dust pa口icles
T : Coal gas temperature 
Filtration time 
u( : Face velocity at extemal surface of filter 
u， : Cleaning velocity 
VI' : Face velocity at intemal surface of filter 
.dP : Pressure loss in filter and dust cake 
.dPd : Pressure loss in dust cake on filter surface 
.dPf : Pressure loss in filter element 
.dPL : Baseline pressure loss 
.dP，町ば : Pressure loss before cleaning 
町:Peameability of filter 
μ: Gas viscosity 
ρ: Gas density 
pp : Particle density 
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Fi 1 tervessel Filter vessel 
Off-line reverse flow cleaning 
Filter vessel 
On-line pulse jet cleaning 
Fig. 3.1 Schematics of filter cleaning systems 
と逆j先に使川したガスは残りのフィルタで処理する。off-line逆洗ではフィルタ出
































































































Oisperscr Cleaning line 
99 
99.5 
0.1 1 10 
Dp[μm] 
100 
Fig. 3.2 Cold test apparatus for long te口n Fig. 3.3 Cumulative size distribution of coal 














Table 3.1 Test apparatuses and 0同ectives
Apparatus Test condition Objectives 
High temperature high 673 K， 1.8 MPa 
pressure test (Fig. 2.1) 
Filtration of actual coal gas 
Pressure regulator 
Reverse cleaning test Atmospheric pressure， Duration of reverse cleaning flow， 
(Fig. 2.8) room temperature Number of cleaning gas injection 
Long term filtration Atmospheric pressure， Baseline pressure loss in long term 
test (Fig. 3.2) 333 K filtration， Effect of cleaning velocity 
Ceramic filter 



















Fig. 3.4 Schematics of cold test appa削 uswith on-Iine pulse jet c1eaning 
Table 3.2 Test condition of on-line filter cleaning 
Dust concentration 5.6 g/m
3N 
4.5 crnls Face velocity 
Pulse pressure 0.6孔1Pa
Pulse duration 0.2 s 
Time interval of pulse injection 3 s 
Maximum pressure loss before cleaning 15 kPa 



























Line-I: pressure los in 














Residual dust layer 
Cleaning pressure 
difference: d P r 
Filter medium 














Fig. 3.7 Pressure loss in filter and dust 
cake while increasing and decreasing 
cleaning velocity 
of Fig. 3.6 Schematic representation 
cleaning f10w and cleaning pressure 
uf 
Fig. 3.5 Relationship between face velocity 



























































K，.: Internal pcrmcation 
15 
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T=333K P=O.I MPa sP __.r=29.4kPa max 
Uf =3cmls C =30g/m3 
25 
Fig. 3.12 Baseline pressure loss as a 
function of the number of c1eaning cyc1e 






































Fig. 3.8 Effect of the number of reverse 

































Fig. 3.11 Effect of c1eaning velocity on 










Fig. 3.10 Comparison between 
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N [-] 
T=333K P=O.I MPa 
ムPrnax=29.4kPa C =30g/m3 
20 40 60 80 100 
N [-] 
Fig. 3.13 Baseline pressure loss as a func-
tion of the number of c1eaning cycle in 
hot coal gas filtration 
Fig. 3.14 Comparison between reverse 



































Fig.3.15 Numerical model of filer system 
例するとみてよい。従っ






























α11 ( du f}(x) 
I dUj2 α22 ん(x)
(3.7) 
lz amm fm(x) A. A … A 。 。} ...2 .. n 
人I1αuJrdlI切り:6d ltα りどld
llP a )uf 









llP = (円;α46dt)uバ u;
f灼 二〔ki+j:auydt川+KJろ-IlP (i=し….，m) (3.9) 従って集!恵袋慌のハ='Jf員失は次のようになる。
(i= 1，…・，n) (3.4) 

























竺(pCUT V)=p Q(CpTo+-uo)+P rjUrjAj(CpTry--urj) 1 2 
dt - l' - 2 
とー{puNCpT+jd)} 

























































































P = 1.66 MPa 
T = 590 K 
O.Pmax = 10 kPa 




















Fig. 3.18 Change of pressure loss in group-3 in high temperature and high 
pressure filtration with off-line cleaning system 
??
Fig. 3.16 Fluctuation of pressure loss in high temperature and high pressure 





































Fig. 3.17 Fluctuation of face velocity in high temperature and high pressure 





















1.31 1.32 1.33 
t [h] 
20 90 26 30 34 
t [min] 
15 
Fig. 3.19 Comparison of f1uctuations in pressure loss of group-3 between 




















Fig. 3.20 Change of pressure loss and face velocity in atmospheric filtration 










Table 3.3 Simulation condition of hot coal gas filtration in a pilot plant 集塵流逆洗前の圧力損失、逆洗流速、計算を行い、パルスジェットの噴射時間、
速等の各種要因の影響を考察した。
693 K Temperature 
2.55 MPa Pressure 
0.0075 --0.02 m1s， nominal 0.01 m1s 
nominal 5 MPa 
0.05 --1 s， nominal 0.3 s 




Pressure loss before cleaning 
仁〉
0.1 --0.25 m1s， nominal 0.2 m1s Cleaning velocity 




























~ 一一~I 1 cm 
Vessel volume = 6.0 m3 
79 
Fig. 3.21 Schematic representation of filter pilot facility with pulse jet cleaning system 
78 
Pulse jet duration: 0.1 s 
??
?
Pulse jet duration: 0.05 s 
????
Uf= 1 cm/s 
?
?
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Pulse jet duration: 0.3 s 







Pulse jet duration: 0.2 s 













Fig. 3.23 Simulated effect of face velocity on fluctuation of system pressure 10ss 




















120 90 60 30 120 90 60 30 
すように実験的に十分な逆洗効果が確認されている 10--20cm/s程度が適当な範開
??











s P max= 1 5 kPa 
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: Heat capacity at constant pressure， per umt mass 
85 
: Filtration area of i-group 













Cv : Heat capacity at constant volume， per unit mass 
k， : Drag coefficient of dust cake in i-group 
K， : Drag coefficient of pressure loss in manifold and valves in i-group 
N : Number of filtration and c1eaning cycles 
Nr : Number of reverse gas injection times in a c1eaning 
P : Pressure 
Q : Volume flow rate 
rO，n : Intemal and extemal radii of filter 
S" : Specific surface area of dust palticles 
: Filtration time 
T : Temperature 
u : Flow velocity in manifold 
Uf : Filtration face velocity 
U， Cleaning velocity 
V : Volume of filter vessel 
!JP : Pressure loss in filter system 
!JPd : Pressure loss in dust cake 
!JPr : Filtration pressure loss 
!JPL : Baseline pressure ]oss of filter 
!JPr : Cleaning pressure difference 
!JPrd : Cleaning pressure difference in dust cake 
!Jt : Duration of reverse c1eaning 
μ : Gas viscosity 
σd : Stress required to detach dust cake 
K : Cp/Cv 
Kf : Permeability of fi]ter for filtration flow 
Kf : Permeability of filter for cleaning flow 
ρ : Gas density 
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ap apu 4 
一一+一一一=一一一pV， . (4.1) at aχ D -
(運動量保存式)
δpuθ4 _1 
一一一+一一(pU 2+p)= -~f~p u (4.2) 
at ax D 2 
(エネルギ一保存式)
a _ _ _ 1 ? _， 4 
11(p cy+1p u2)+一 (pCnT+-P U 2+P)14=一一(pCIJT+ ~ p 九+P)九 (4.3) 














μu f ln (r / r 0) 
k f 





Fig. 4.1 Schematic representation of 









1 d u 4 
一一(p一一+-=P V，) 
u dx D -

























4 1 _.? 1c + 1 ? 1c -1 2， f 3， -=- [(α “+一- u"+一一-V"，)V"， 一二-1CU-J
2 2 一一 2Dα _u2 
f=4m+j(0015-5731m+1035m2-3420m3) 
-0.017 < m < 0 .019 ， 9 x 103 < Re < 1.025 x 105 
( 4.12) 
(4.7) 
















































-0.02 -0.01 0 0.01 0.02 
m (=Vf /u) [-] 
Fig. 4.2 Comparison of friction factors as 
a function of the ratio of permeation 



















4f-" =一一--+一一ln[ ~ 








































-一一 = Z 
ら
K-1 __2 
(4.13.3)， Z = 1 +一一二M;; (4.13.4) 
2 … 
ノズル配管内をFanno流れとすると入口と山口の間で、Eq.(4.14)が成り立つ。
p {¥ ~ p_ u (¥ C T コ ，n nl Uコ n工三 =Z 1・Z2V '" (4.14.1)， 一一=一一=Zl'Z;'" (4.14.2)， 二一 =z2 (4.14.3)， 
r ni P ni U n 1 ni 
Ln 1， 1 1， K+l. _ 2 
41ー . 一(一τ一一二)+ τ-~ ln[zl-/z2] (4.14.4)， 
Un K M削 MJ LK 
MM; (K-1)ML2 
zl=てデ (4.14.5)， z2 = 二 (4.14.6) 

























ee CDTe (η 三0)， e n (η<0) (4.20.3) 
K Pt 1 rT2 
e =一一一一+ ~ u; (4.20.4) 
K-l Pt 2 
ここで、Wn、Pl..Pe、Te、M、e"、eeは既知で、あり、吸引比率η=We/Wnを仮定すると、
スロート入口の平均流速Utについて
Fanno or isentropic F Isentropic anno 








































e = C T + ~u.~ 
川 y 吋 2 リ
( 4.19) 
(4.20.1) 
? ????????、??? ???????????、????? ??? ??????
(4.20.2) Compressor Rescrvoir Flow meter 















































長さ 1mのチューブを5本用いた。 Table4.1 ~こ Eq.(4.4)に適用された各フィルタの
penneabi lityを示す。
Re [-] 
Fig. 4.5 Friction factors of alumina and SiC 





Table 4.1 Penneability of filters 














No.3 No.4 1 No.5 
5.29x10・12 j2.14x10-1 Penneability [r什 [2.91x10-12 j4.64xl0-12 5.29xl0-12 
96 97 








Orier & filter 
d 'トト一
PU川山おr1dls出:;


















Turbine flow meter Orifice flow meter 
(a) Experimental apparatus of diffuser 


























(b) Experimental apparatus of pulse jet flow さてSievertら16)はバグフィルタをパルスジェット逆洗したときのフィルタ内の圧
力分布を測定し、フィルタの軸方向中間部に逆洗圧が低下することを見い出して
いるが、その原因についてパグの変形とダストの脱離で圧力損失が下がるため中
間部で逆洗圧が低下し、フィルタ先端ではパルス圧の反射によって上昇するとしFig. 4.6 Schematic representation of pulse jet system to investigate propagation and 




























Fig. 4.7 Variation of intemal pressure in 








Fig. 4.9 Comparison between calculation 















4 。 0.2 0.4 0.6 0.8 
x [m] 
Fig. 4.8 Variation of intemal pressure in 
alumina filter wIth intemal permeation 
15 
0.298 0.493 0.690 _. -一。口
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Fig. 4.11 Propagation of cleaning 




x: distance from filter inlet x: distance from filter inlet 
Filter inlet x=O cm 
8 
Straight tube xコ-'¥.<111 
8 
包
4 包 4 
0.:- 己時与喝
4 司。 。
t: passage of time after closing of pulse 
jet valve 
Calculation (steady syate) 
8 
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Fig. 4.12 Attenuation of cleaning 








































Po [MPa] 0.30 0.49 0.69 


















































Fig. 4.17 Effect of pulse nozzle position 
on cleaning pressure 
口・-_ 口
号-f o 












Fig. 4.16 Effect of filter permeability on 









Nozzle: Straight tube 





Po = 0.494 MPa 
25 
Fig. 4.18 Effect of system pressure loss on 
cleaning pressure 
105 
Po [MPa] 0.297 0.396 0.494 0.592 I 
Calculalion _. -. _.・H ・ー- .・H ・-I 
Experiment 口<) ~ 01 
hη>0: Entrained flow 
~・0-_ __η=0 
ー コ汗ア η<0: Blow back 二gて、 -....叫 (

































Fig. 4.14 Effect of inlet 































Table 4.2 Simulation condition of hot coal gas filtration そのような場合でも本計算法が適用できることが分かる。











8cm Extemal diameter 
25気圧と設定
4.5 m (Effective length 4 m) Length 
1.4x10-12 m2 
Friction factor 0.01 












?????? ? ? ?
473 K 
5.07 MPa 
1.4 cm (Converging nozzle) 
0.3 25 
20 
Total temperature of pulse gas 























4 3 2 
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Fig. 4.20 Variation of cleaning velocity 




Fig. 4.19 Relationship between reservoir 
pressure and average cleaning velocity at 




























































A Cross section area of nozzle and filter 
: Sonic velocity α 
Cp : Heat capacity at constant pressure， per unit mass 
C， : Heat capacity at constant volume， per unit mass 
D : Intemal diameter of filter tube 
D"， Dr : Intemal diameter of nozzle and diffuser 
e : Total energy of fluid 
f : Friction factor of filter tube 
fo : Friction factor of filter tube without permeation 
L : Filter length 
L"， Lr : Length of pulse nozzle and diffuser throat 
m : lん/U
M : Rate of momentum ente口ngdiffuser throat 
M : Mach number 
P : Pressure 
rαn : Intemal and extemal radii of filter 
: tlme 
T : Temperature 
U : Average velocity in diffuser throat 
u : Axial velocity in intemal filter tube 
Ur : Cleaning velocity at extemal surface 
Vw : Cleaning velocity at intemal surface 
W， W : Mass flow rate 
x : Distance from filter inlet 
t1P : Pressure difference between diffuser exit and extemal side of filter 
t1Pf : Filtration pressure loss 
t1Pr : Cleaning pressure difference 
t1Pr : Auxiliary pressure loss 


































: Permeability of filter 
: Entrainment ratio =we/Wn 





: Reservoir of pulse jet 
: Critical conditions when nozzle is choked 
: Entrained gas 
: Nozzle 
: Nozzle inlet 
: Nozzle exit 
: Diffuser throat 
: Diffuser throat inlet 
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IlP _ -IlPr 
Il t = 山山 U 
d(IlP)/dt 




















Il P ad =μufK (5.5) 













NGK filter 口2お5s l叩00 6



















































Fig. 5.2 Relationship between face velocity 











にもかかわらず最も大きく、次いでFig. 5.1 Relationship between face velocity 
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Table 5.1 Cold test condition 
Filter Alumina mono]ith 25ドm，ID: 4 cm， OD: 7 cm 
Surface pore diameter and 1 0 ~m ， ID: 2.2 cm， 00:3 cm 
filter size SiC membrane 6μm，3ドm，1 ~m ， 0.5μm 
ID: 4 cm， 00: 6 cm 





Coal char， Dp50=8.3μm 
2--40 g/m3 





Maximum system pressure loss 9.8， 19.6， 29.4 kPa 
*: trade name of Schumacher Umwe]t-und Trenntechnik GmbH 
10: intemal diameter， OD: extemal diameter， EL: effective filter length 
Alumina monolith (Df = 25μm) 
SiC membrane (Df = 6μm) 
Alumina monolith (Df = 10μm) 
?
? ? ? ?
?
?










? ? ? ?
??
?
SiC membrane (Df = 3μm) 
Fig. 5.3.1 Electron micrographs of filter surface 
118 119 
SiC membrane (Df = 1 f.lm) SiC membrane (Df = 0.5μm) 
Dia-Schumalith 












Table 5.2 Test condition of hot coal gas filtration 
Temperature T [K] 573----723 
Pressure P [MPa] 1.67----1.87 
Gas volume flow rate Q [m3NIh] 200-400 
Dust concentration C [kg/m3N] 0.00] --0.06 
Face velocity Uf [crn/s] 1， 2 
Maximum pressure loss .t1Pmax [kPa] 4.9----19.6 
Cleaning velocity Ur [m/s] 0.03.0.1 
Coarse and small particles of coal char Fine particles contained in coal char 
Coal: Blair Athol 


































考えられる o Fig. 5.6には高温集塵試験における結果を示すが、やはり集塵流速を
速めるとベースライン圧損の上昇が速くなっている。Fig.5.6では横軸に積算集塵
時間をとっているが、横軸を逆洗回数としても同様である。また、両図を比較す
ると 123温高圧下では、要素試験よりも低い流速でも日詰りが速いことが分かる。 4 」 ? ? ?4 」 【 ? ?
2 





Actual coal gas 673K， 1.8MPa 
SiC membrane 6μm 
200 
Fig. 5.8 Baseline pressure loss at various 


















Fig. 5.7 Baseline pressure loss at various 























Actual coal gas 673K， 1.8MPa 
















L.¥ P max = 19.6 kPa 

















Fig. 5.9 Coefficient of additional pressure 

















Fig. 5.6 Coefficient of additional pressure 
]oss at various face ve]ocity as a function 






Fig. 5.5 Coefficient of additional pressure 
]oss at various face ve]ocity as a function of 
































Uf = 4.5 -5 crnls 
Ur > 20 crnls 













X 1010 IL1Pmax [kPa] 
I 0 4.9 














additional pressure loss of filters having 




T=293 K， P=O.l MPa 






T=293 K， P=O.1 MPa 
SiC membranc 6μm 
0.1 
??







Fig. 5.11 Increase in coefficient of 
additional pressure loss as a function of 
filtration time 
N[ー]
Fig. 5.10 Effect of system pressure loss 
before cleaning on coefficient of 
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n 1 手ヌl判 かム~戸話回 医長~仲voド ずν¥コ~ γ 
ョー苛 ~ 
十 十 .. ~ 
Filter Test gas Dust 
Temp. Press. uf Ur 
lk][MPa][cm/s] [cn1/s] 
Organim i 。NGKSiC membrane (印刷 Coalgas Coal char 673 1.8 2 3 Present work 
口 NGKSiCmemb印刷印刷 Coalgas Coal char 673 1.8 3 Present work 
o NGK SiC membrane (卯m) Air Coal char 333 0.1 3 4.5 Present work 
ム SchumalithSC20 PFBC Flyash 1088 1.1 5.6 Pulse jet EPRi 
マSchumacelHTHP Simulated gas Fly出 h 293 0.1 5.6 Pulse jet Schumacher 
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Fig. 5.15 Long term variation of cleaning interval and accumulated 






lnlet dust concentration 
: Average pore diameter at filter surface 
: Dust particle diameter 
: Additional pressure loss coefficient 
: Cumulative filtration time 
: Number of cleaning cycle 
: Pressure 
: Volume flow rate entering filter 
: Empirical exponent 
: lntemal radius of filter tube 































T : Temperature 
: Filtration time 
Uf : Face velocity 
Ur : Cleaning gas velocity at extemal surface of filter 
x : Thickness of filter element 
L1 P : Pressure loss 
L1Po : Pressure loss in new filter element 
L1Pad : Additional pressure loss in filter 
L1Pd : Pressure loss in dust layer 
L1PL : Pressure loss in filter after cleaning 
L1Pm似 :Maximum pressure loss before cleaning 
L1 t : Cleaning interval 
Kf : Permeability 
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Ta: Air temperature 




Fig. 6.2 Pattern of temperature increase during 




























Table 6.1 Test condition for filter recycle use 
Fi1ter SiC membrane filter 
Size 
A verage pore size 
Di:0.03 m， De: 0.06 m， L:0.27 m 
6x10-6 m (surface) 
Dust Coal char Dp50 4x10・6m (by Microtrac) 
9x10・6m (by Andersen stack sampler) 







? ?， ， ?











Cleaning Cleaning velocity Ur 0.2 mJs 
Pressure loss before .t1Plllar 2x 104 Pa 
cleaning 
Regeneration Air temperature 
Face velocity 
Ta 723 '"-773 K 
0.03 mJs (n<3000)， 0.01 mJs (Nミ3000)Uc 








Filtration test Regeneration test 


















Table 6.2 Ignition temperature of coal char 
Coal bland 
Coal Shenmu Wambo Blair Moura Plateau Ulan Taiheiyo 
Valley Athol 
























Ignition loss (%) 52.5 74.2 77.9 70.4 76.8 84.4 64.3 61.0 
Carbon (%) 48.9 65.5 69.1 61.5 70.8 75.5 56.7 54.9 
Tar (%) 1.19 1.14 0.81 0.52 0.33 1.09 0.38 2.18 
Ash (%) 47.5 25.8 22.1 29.6 23.2 15.6 35.7 39.0 
----------------ー -ー-----------・ー・ ・・・・・・・・・・ーー---------ーー -ーー----------・・・・ 4・ー・ー・ー-------・ ・・a・ー------ー_----ー・----------------
Position CY・* CY CY CY CY CY PF市*市 CY 




























5. ーー T1: Air temp. (filter inside) 
ト・・ Ti Filter surface temp. (upper p回)
~ I …・ T3: Filter surface temp. (Iower part) 
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t [min] 







































Coal char 。ト←ー ー
7可 ト一一一ー Ash 
口， 
v Coal char (ASS) 。













































Fig. 6.7 Change of baseline pressure los 
of filter in recycle test 
Fig. 6.6 Cumulative size distributions of 
coal char used for filtration test and resid-





























: Dust concentration 
: Intemal diameter of filter 
: Extemal diameter of filter 
: Mass median diameter 
: Filter length 
: Number of filter cleaning 
: Pressure 
: Temperature 
: Air temperature at filter inside 












T3 : Temperature of filter lower surface [K] 
T4 : Air temperature at fi lter outside [K] 
Tc : Temperature of regeneration air [K] 
Tc : Temperature of coal char [K] 
Ti : Ignition temperature [K] 
Uc : Superficial velocity of air through dust cake [mJs] 
Uf : Filtration face velocity [mJs] 
Ur : Cleaning face velocity [mJs] 
L1Pm似 : Pressure loss before cleaning [PaJ 
L1PL : Base line pressure loss [Pa] 
L1tc : Regeneration tIme [min] 
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2πrdr (1-ε)Pp=2πrC au;Jt (A-l ) 
従って
dr CaUf 
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llP， =k，u， (C.l ) 
ジェットと同伴流の運動量を考え
M=w nu n+p nA n+P e(A t-A n)=W Ut+P tA i (C.2) 
ここでfJP=P，-Peを用いて、 Mを次のように書き直す。





llP = llPj+llP，+IlPt (C.4) 
またフィルタ入口の損失は通常は無視できるものであるが、オリフイス等の流
亘計を設置する場合は次式で近似する。










(C.6) = 0 
A 
(η+竺)[(η +1)(cd+ 1) + .=!.k，]2一一三τ(η+1) -_lτ 
wn eew;eewJ e 
P ti
-= . .___ K ~_._ K 1，-:-: K+ 1 
= (M -At~ P，) [_'-_(cA+ I)A九+(一一CA+ー )M+ .- - At~Pf] 






































ム 111 K+lM2(r1)M2+2 41一二=_:_ (一一一一一)+一一ln[-.ー .， 























?? ? ? ?PtO 
Pti 
14i=αjMj (C.20) 
ここで紙、 Pi、ρt、Tiはフィルタ入口の状態量であり、 Eqs.(4.5) --(4.7)の初期値とな
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